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Abstract 


Over-imitation has become a well-documented phenomenon. However there is evidence that both 
social and visible, physically causal factors can influence the occurrence of over-imitation in children. 
Here we explore the interplay between these two factors, manipulating both task opacity and social 
information. Four- to 7-year-old children were given either a causally opaque or transparent box, 
before which they experienced either (1) a condition where they witnessed a taught, knowledgeable 
person demonstrate an inefficient method and an untaught model demonstrate a more efficient 
method; or (2) a baseline condition where they witnessed efficient and inefficient methods 
performed by two untaught models. Results showed that the level of imitation increased with 
greater task opacity and when children received social information about knowledgeability 
consequent on teaching, but only for 6- to 7-year-olds. The findings show that children are 


selectively attuned to both causal and social factors when learning new cultural knowledge. 


Keywords: over-imitation, selective learning, cultural learning, social learning 
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Highlights: 


e Most over-imitation studies employ transparent artefacts yet opacity typifies real world 
objects 

e Over-imitation was greater when children learned about an opaque rather than 
transparent artefact 

e Over-imitation was greater for a model seen to be taught a skill than a naive model 

e These effects combined to elicit over-imitation despite seeing a more efficient model 

e All such effects were evident in children aged 6-7 years but not in 4-5-year-olds 
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The interaction of social and perceivable causal factors in shaping ‘over-imitation’ 


1.1 Introduction 


Compared to any other species, humans have an enormous propensity to acquire cultural 
knowledge (Henrich, 2015; Pagel, 2013). This ability is commonly attributed, at least in part, to an 
early-developing tendency for high fidelity imitation of the behaviors, skills, and actions of others 
(Dean, Kendal, Schapiro, Thierry, & Laland, 2012; Schillinger, Mesoudi, & Lycett, 2015; Tennie, Call, & 
Tomasello, 2009; Whiten, McGuigan, Marshall-Pescini, & Hopper, 2009). The disposition to copy 
others has been found to extend in some contexts to children and adults imitating apparently 
indiscriminately, extending to the copying of even visibly irrelevant or causally superfluous actions 
(Horner & Whiten, 2005; McGuigan, Whiten, Flynn, & Horner, 2007). It has been suggested that this 
phenomenon, dubbed “over-imitation” (Lyons, Young, & Keil, 2007) can, in normal daily life, 
facilitate the spread of cultural knowledge, particularly when skills pertain to tasks that are causally 
opaque or too difficult for a naive learner to learn on his or her own (Lyons, Damrosch, Lin, Macris, & 
Keil, 2011; Lyons et al., 2007; Nielsen, Mushin, Tomaselli, & Whiten, 2014), or to behaviors that are 
associated with rituals or other normative conventions (Herrmann, Legare, Harris, & Whitehouse, 
2013; Kapitany & Nielsen, 2015, 2017; Keupp, Behne, & Rakoczy, 2013; Keupp, Behne, Zachow, 
Kasbohm, & Rakoczy, 2015; Legare, Wen, Herrmann, & Whitehouse, 2015; Watson-Jones, Legare, 
Whitehouse, & Clegg, 2014; Wilks, Kapitany, & Nielsen, 2016). However, a number of other studies 
have shown that children and adults are not necessarily indiscriminate imitators; in some contexts 
they may be selective instead (see for example, Gergely, Bekkering, & Kiraly, 2002; Hilbrink, 
Sakkalou, Ellis-Davies, Fowler, & Gattis, 2013; Nielsen, 2006). Identifying the potentially interacting 
factors that modulate over-imitation is accordingly important to understanding how children learn 
new skills and cultural knowledge from others. In this spirit the present study examines the limits 
and selectivity of children’s motivational tendency to copy others, exploring a potential interplay 


between social and causal factors that may interact in underpinning over-imitation. 


In many over-imitation experiments children and adults watch a model perform several actions, 
some causally relevant and some visibly causally irrelevant. In an initial study, Horner and Whiten 
(2005) showed children either an opaque or transparent puzzle box and performed a series of 
causally irrelevant and relevant actions on it before extracting a reward from the box. Regardless of 
whether the puzzle box was opaque or transparent (so in the latter, causal irrelevance appeared 
highly visible), children copied the irrelevant actions. What Lyons and colleagues later called “over- 
imitation”, became identified as a pervasive tendency to imitate a series of actions even in the face 


of visual information that these actions have no causal relevance to the task solution (Horner & 
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Whiten, 2005; Lyons et al., 2007). Later research has therefore concentrated much on the 
transparent versions of such tasks, showing that children may continue to copy irrelevant actions 
even under time constraints (Lyons et al., 2011; Lyons et al., 2007), even when they are given the 
opportunity of prior experience with how the task works (Nielsen & Tomaselli, 2010), and even 
when they have been schooled that irrelevant actions are ‘silly and unnecessary’ (Lyons et al., 2011; 
Lyons et al., 2007). Such effects have further been documented after children’s personal exploration 
of tasks, despite an irrelevant action occurring after retrieving an award (Wood, Kendal, & Flynn, 
2013a), with children who live in quite different cultures (Berl & Hewlett, 2015; Nielsen, Mushin, et 
al., 2014; Nielsen & Tomaselli, 2010), and despite the absence of any social interaction or audience 


(Whiten et al., 2016). 


A large part of this literature has thus focused on investigating the motivation to over-imitate in 
the kinds of transparent conditions that first revealed the phenomenon so starkly (Berl & Hewlett, 
2015; Brugger, Lariviere, Mumme, & Bushnell, 2007; Carr, Kendal, & Flynn, 2015; Chudek, Baron, & 
Birch, 2016; Flynn, 2008; Flynn & Smith, 2012; Freier, Cooper, & Mareschal, 2015; Frick, Clément, & 
Gruber, 2017; Hoehl, Zettersten, Schleihauf, Grátz, & Pauen, 2014; Horner & Whiten, 2005; 
Kenward, 2012; Kenward, Karlsson, & Persson, 2011; Keupp, Bancken, Schillmóller, Rakoczy, & 
Behne, 2016; Keupp et al., 2015; Lucas et al., 2017; Lyons et al., 2011; Lyons et al., 2007; Marsh, 
Pearson, Ropar, & Hamilton, 2013; Marsh, Ropar, & Hamilton, 2014; McGuigan, 2012, 2013; 
McGuigan & Burgess, 2017; McGuigan, Gladstone, & Cook, 2012; McGuigan, Makinson, & Whiten, 
2011; McGuigan & Whiten, 2009; Moraru, Gomez, & McGuigan, 2016; Nielsen, 2013; Ronfard, Was, 
& Harris, 2016; Schleihauf, Graetz, Pauen, & Hoehl, 2017; Simpson & Riggs, 2011; Taniguchi & 
Sanefuji, 2017; Vivanti, Hocking, Fanning, & Dissanayake, 2017; Whiten et al., 2016; Wood et al., 
2016; Wood, Kendal, & Flynn, 2012; Wood et al., 2013a). Less work has explored what is more likely 
to be the natural functional context of over-imitation, the everyday world of largely opaque (and 
moreover causally opaque) objects (Buchsbaum, Gopnik, Griffiths, & Shafto, 2011; Clay & Tennie, 
2017; Gardiner, 2014; Gruber, Deschenaux, Frick, & Clement, 2017; Herrmann et al., 2013; Marno & 
Csibra, 2015; McGuigan et al., 2007; Nielsen, Cucchiaro, & Mohamedally, 2012; Nielsen & Hudry, 
2010; Nielsen, Moore, & Mohamedally, 2012; Nielsen, Mushin, et al., 2014; Nielsen, Tomaselli, 
Mushin, & Whiten, 2014; Subiaul, Krajkowski, Price, & Etz, 2015; Watson-Jones et al., 2014). 


The world is full of such complex cultural artefacts and tasks that are physically and causally 
opaque, too difficult for a naive learner to master on his or her own. One explanation for the 
prevalence of over-imitation in experimental, transparent contexts in our species is that humans 


developed this tendency as an adaptive strategy to acquire complex technological skills in contexts 
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of causal opacity, by copying the methods shown by experienced others as closely as possible (Lyons 
et al., 2011; Lyons et al., 2007; Nielsen, Mushin, et al., 2014; Whiten et al., 2009). From this 
perspective over-imitation can result from a pragmatic "rule of thumb" to imitate in a "copy-all, 
refine later" functional strategy (Horner & Whiten, 2005). However, more research is required to 
understand the motivations and flexibility behind imitating in the kinds of opaque conditions so 
common in the real world. Accordingly we suggest that the context of social learning in relation to 


opaque as well as transparent objects now merits more attention, and further research. 


Based on prior work in transparent conditions where the irrelevancy of actions is visibly 
apparent, we know that over-imitation can be limited or modulated by several factors. For example, 
a dimunition of over-imitation can occur based on either social or causal cues. When children are 
presented with causal information via one model who demonstrates a more efficient method and 
another model who demonstrates an inefficient one (McGuigan & Robertson, 2015; Nielsen & Blank, 
2011; Schleihauf et al., 2017), or when there is visual confirmation that the actions are superfluous 
(Gardiner, 2014), they are less likely to over-imitate, instead tending to adopt the relatively efficient 
method. Additional research shows that children are sensitive to the relevance of the 
communicative intent of others, and over-imitation may decrease when children receive a salient 
social cue from a model that only the casually relevant elements of the demonstration need to be 
copied (Brugger et al., 2007; Buchsbaum et al., 2011; Gergely et al., 2002; Nielsen, 2006; Southgate, 
Chevallier, & Csibra, 2009; Vredenburgh, Kushnir, & Casasola, 2015). 


Other social factors have been shown to encourage over-imitation. More specifically, studies 
demonstrate that children are more likely to imitate irrelevant actions when they perceive ostensive 
or pedagogical cues that the demonstrator is going to communicate relevant information (Gergely & 
Csibra, 2005) and that this is the way an action "ought to be done" (Bonawitz et al., 2011; Herrmann 
et al., 2013; Kapitány & Nielsen, 2015, 2017; Kenward et al., 2011; Keupp et al., 2013; Keupp et al., 
2015; Watson-Jones et al., 2014). More normative framing (e.g., doing something that "ought to be 
done") and goal demoted actions (e.g., actions with no known goal) increases children's imitative 
fidelity compared to instrumental framing (e.g., doing something "to get prizes") and tasks with a 
clear goal (e.g., retrieving prizes or putting an object in a box) (Clegg & Legare, 2016b; Legare et al., 


2015; Nielsen, Kapitány, & Elkins, 2015; Wilks et al., 2016). 


Despite this burgeoning literature examining various social and causal factors (see 
supplementary Table S1 for a listing of 78 experimental studies that explore a variety of physical and 
causal factors), no previous work has directly tested the potential interplay between task opacity 


and social and causal factors. Examining this interplay is needed to shed light on the nature and 
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functions of over-imitation and the kind of flexible decision making that shapes it. Accordingly, in 
the present study we explored, for what is to our knowledge the first time, the interplay between 
the physically causal factors and the social factors that underpin over-imitation. In a 2 x 2 design, 
participants in four conditions watched two (live) adult models, in a counterbalanced sequence, 
perform either an inefficient method (incorporating causally-unnecessary elements) or an efficient 
method (lacking the causally-unnecessary element). In each of the four conditions we held the one 
inefficient model/one efficient model design constant while we manipulated two factors that may 
be predicted to increase or decrease the likelihood of over-imitation: first, whether children 
experienced a transparent or opaque puzzle box, and second whether children received social 
information (in combination with experiencing a transparent or opaque puzzle box) regarding which 
model was more knowledgeable (see Table 1). For the latter, we designed a social information 
condition where the ‘inefficient’ model was taught, in the presence of the participant, to use the 
inefficient method by another person. This design enabled us to explore whether witnessing the 
teaching episode would be sufficiently influential to override the greater efficiency of the alternative 
method modelled by the naive demonstrator. We tested participants from two different age groups 
(4- and 5-year-olds and 6- and 7-year-olds), as previous work has shown that over-imitation tends to 


increase with age (McGuigan & Graham, 2010; McGuigan et al., 2007). 


[Table 1 here] 


We predicted that increased physical causal opacity would drive the tendency to copy more 
irrelevant actions, and that this tendency would be further amplified with the addition of social 
information that indicated that the inefficient model was demonstrating the "correct" approach (i.e., 
when the inefficient model had received teaching). Because prior work has shown a relative 
dimunition of copying of irrelevant actions when the task is framed as an instrumental task (Legare 
et al., 2015) and when one of two models demonstrates a more efficient action, we predicted less 
copying of irrelevant actions in the transparent baseline condition (McGuigan & Robertson, 2015; 
Nielsen & Blank, 2011). More specifically, we predicted that the participants in the baseline 
conditions, who were acting without social information, would tend to omit the causally irrelevant 
actions, with the greatest degree of omission (and lowest levels of over-imitation across conditions) 
occurring in the transparent box condition where the irrelevant actions were most obviously 
redundant (i.e., no physical causal opacity or social information). In the Taught conditions, noting 
studies showing that pedagogical cues and normative framing increase copying of irrelevant actions 
(Herrmann et al., 2013; Kapitány & Nielsen, 2015, 2017; Keupp et al., 2013; Keupp et al., 2015; 


Legare et al., 2015; Watson-Jones et al., 2014; Wilks et al., 2016), we predicted that the presence of 
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social information would lead to an increase in the level of over-imitation from that witnessed at 
baseline irrespective of box transparency, with the greatest increase (and highest levels of over- 
imitation across conditions) occurring in the opaque box condition where the lack of causality of the 
irrelevant actions was less apparent, potentially leading to greater reliance on the social information 
provided (i.e., physical causal opacity plus social information). Thus in summary, copying of 
irrelevant actions was predicted to be lowest in the Transparent - Baseline condition but increase 
across the series: Transparent - Taught, Opaque - Baseline, and Opaque - Taught. Finally, because 
prior work has shown that older children are more likely to imitate irrelevant actions (McGuigan & 
Graham, 2010; McGuigan et al., 2007), we predicted that older children would copy more irrelevant 


actions compared to younger children. 


2.1 Method 


2.1.1 Participants 


Two age groups were recruited for each of four experimental conditions: a 4-to-5-year-old group (n 
= 83, 41 females, 42 males; mean age = 59 months, SD = 7.09 months, range 48-72 months) and a 6- 
to-7-year-old group (n = 82, 48 females, 34 males; mean age = 83 months, SD = 6.96 months, range 
72 - 106 months). Forty children (20 4-to-5-year-olds and 20 6-to-7-year-olds) were assigned to a 
Transparent box - Baseline condition, 46 children (23 4-to-5-year-olds and 23 6-to-7-year-olds) to a 
Transparent - Taught condition, 39 children (19 4-to-5-year-olds and 20 6-to-7-year-olds) to an 
Opaque - Baseline condition, and 40 children (21 4-to-5-year-olds and 19 6-to-7-year-olds) to an 


Opaque - Taught condition. 


2.1.2 Apparatus 


We used the same two cube-shaped boxes from the original study of Horner and Whiten (2005, see 
Fig. 1). These measured 20 cm on each side and were identical in features except that one box was 
opaque and the other was transparent. Both boxes displayed two 2 cm x 2 cm holes; one in the front 
of the box and the other on top, each obstructed by different covers. To access the top hole, two 
bolts had to be slid aside, through guides holding them in place. The hole in the front could be 
accessed once a small hatch-door was either slid aside or opened as a hinged flap. Only the front 
hole allowed access to a prize (a small toy attached to a metallic paperclip) which lay in a small 
opaque tube, initially covered by the door at the front. A plastic stick-tool, 22 cm long with a 
magnetic tip, was available to be inserted through the front hole to magnetically seize the prize 


hidden in the tube. If the tool was inserted into the top hole, it could not reach the opaque tube, 
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instead hitting a partition that divided the box horizontally. Only actions on the front hole were 


causally relevant for retrieving the prize (figure 1). 


[Figure 1 here] 


2.1.3 Design 


Children in each age group were randomly assigned to one of four conditions in a between 
participants design. In two Baseline conditions (Transparent versus Opaque boxes), half of the 
children witnessed an unfamiliar adult model perform both causally relevant and causally irrelevant 
actions (thus overall, an inefficient method), and then a second unfamiliar adult model perform only 
the causally relevant actions (efficient method: procedural details and experimenter scripts are 


described further below). Half the children saw the same two models in the opposite order. 


The Taught conditions were likewise completed with either the opaque or transparent box. 
The experimenter declared they would teach one of the two models how to open the puzzle box and 
did so using the inefficient method, with the accompanying audible cues of tapping the stick tool 
inside the box. All models in all conditions then said, “I think this is how to get the prize out,” and in 
turn performed either the efficient or inefficient method allocated to them, in counterbalanced 


order. 


2.1.4 Procedure 


All children were tested individually in a large gazebo in a quiet area of Edinburgh Zoo. Children and 
their parents were invited to participate and if they agreed, the child was led into the gazebo and 
seated at a small table across from the experimenter. The experimenter then invited the child to 
pick out a prize (e.g., a small plastic monkey) that they would like to earn. The experimenter told the 
child, “Here is the puzzle box. In a little while I’m going to put your prize inside the box. But, the box 
is very tricky. So, I’m going to see if | can find two people in the zoo and see if they can come help 
you figure out the box. If you sit here, l'Il go see if | can find some helpers. lIl be right back." The 
box was placed under the table and out of sight before the experimenter left the gazebo. Two 
confederates of the experimenter were waiting outside the testing area and were brought inside 
and asked to sit on either side of the child, where they then acted as the two alternative models in 


the experiment. 


After the confederates and child were seated, the experimenter said, “Thank you - all of you 
- for helping me today. My name is [experimenter's name]. What are your names? Great. Now, 


[Child's name] gets to try and get a prize out of a box that | have brought in, but | want both of you 
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[models 1 and 2] to help [child’s name] by showing her/him what you would do to try to get the 
prize out. Before we get started, | want to show you this stick. This stick here has sticky stuff on it 
that can pick up a prize. See, like this!” The experimenter then showed the child how a magnetized 


end of a stick could pick up the prize (attached to the metal paper clip). 


Following this instruction, children in the pedagogical condition were told, “Now, I’m going 
to teach [one of the models] how to get the prize out. While I’m doing this, I’m going to put up the 
curtain so you and [other model] cannot peek. We'll be back in a minute." The experimenter pulled 
up a poster-board screen that hid the puzzle box so that the child and the other model could not see 
the puzzle box, but the screen was short enough that the child and other model could see both the 
taught model and experimenter. We used a screen to cover the puzzle box so that the child could 
appreciate that one model was being taught, but the child and the other model would have only an 
obscured view of what the experimenter actually taught the model. We did this so that the child 
understood that a model was being taught information without seeing the given method. This was 
important so that when each model demonstrated their method, the child would see each method 
demonstrated only once from each model. The experimenter taught both the irrelevant and 
relevant actions to the model by saying, “This is how to get the prize out” and then performed the 
actions loudly, striking the stick against the platform inside the box, so that the child could hear what 
was being done. After teaching this model, the experimenter took away the screen. The baseline 


condition did not have this added pedagogical component. 


Both conditions then proceeded in exactly the same way. The experimenter acknowledged both 
models and said, “Before | put the prize in and before | give this box to [child’s name] so she/he can 
have a go at getting the prize, | wonder if each of you could show [child’s name] how you think you 
get the prize out.” Children watched as one model demonstrated the efficient method and the 
other model demonstrated the inefficient method (in neither case extracting the prize, which was 
still held by the experimenter). 'Causally relevant’ actions were opening the door on the front of the 
box, inserting the magnetic tipped tool into the box, and thence retrieving the prize. ‘Causally 
irrelevant’ actions involved using the stick tool to displace the bolts to reveal the top hole, then 
inserting the tool and tapping it down on the inner partition three times. The actions focused on the 
top hole were causally irrelevant but were only visible in the transparent box, where the role of the 


inner partition could be seen. 


Models were not seen to extract the prize, which at this stage was still held by the 
experimenter, because we did not want children to see that both methods would be successful. 


After each model’s demonstration, the box was reset (bolts put back in and front door closed) by the 
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experimenter and out of sight of the child. After the demonstrations were complete, the 
experimenter thanked both models for their help and both models left. At this point the 
experimenter asked the child to turn around and cover his or her eyes so that the experimenter 
could put the prize into the puzzle box. The experimenter then said, “Ok, you can turn around now. 


Now you can try and get the prize out.” 


Following the actions, the experimenter then asked, “could you tell me why you decided to 


get the prize out this way?” and pointed to the actions that the child used. 


2.1.5 Coding 


The experimenter live recorded the number of causally irrelevant actions performed 
(number of bolt removals and number of taps on the inner partition of the box), the number of 
causally relevant actions performed (opening the door on the front of the box, and extracting the 
reward?), and whether the child repeated the efficient or/or inefficient actions. All actions were 
mutually exclusive and the design of the box was such that live recording of children's responses was 
unambiguous. This coding was recorded on a check sheet at the time of the child's actions. To check 
the reliability of such coding, 30 random videos across conditions were chosen to compare to these 


check sheets. All videos and sheets matched with 100% reliability. 


We also coded an "irrelevance index." This index ranged from O to 6. Children were 
awarded one point for each bolt removed (maximum 2) and one point for each tap, up to four. Only 
12 children tapped more than three times; these children tapped between 5-8 times and were 
spread across all four conditions; accordingly we judged that capping scores in this way was the 
most apt approach. A score of 0 thus indicated that children did not perform any irrelevant action. 
A score of 5 was given to children who reproduced the irrelevant actions exactly as in the 
demonstration by the inefficient model (removing two bolts and tapping three times) and a score of 


6 was given to children who performed even more (e.g., tapping more than three times). 


3.1 Results 


All children successfully extracted the reward. We first used binomial tests to establish whether 
children in each age group were more likely to adopt the method used by either the efficient model 
or the inefficient model in each of the four conditions. Here we used strict coding where any use of 
irrelevant actions was coded as that child adopting the inefficient method. The analyses indicated 
that the older children were significantly more likely to copy the efficient model than the inefficient 
model in both Transparent box conditions (proportion of choosing efficient model in Baseline (0.8) 


and Taught (0.74) against a chance score of .5), ps < 0.02, see Fig. 2. This pattern was reversed in 
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the Opaque-Taught condition where the older children were now significantly more likely to copy 
the inefficient model rather than the efficient model (a proportion of 0.74 inefficient against a 
chance a score of 0.5, p = 0.03). In the Opaque - Baseline condition, older children’s responses were 
at chance (0.5), p > 0.05. In contrast to the pattern of responding witnessed in the older children, 
the responses of the younger children differed from chance only in the Transparent - Taught 
condition, where the younger children were significantly more likely to copy the efficient model over 


the inefficient model, in a proportion of 0.69 against a chance score of 0.5, p = 0.046. 


[Figure 2 here] 


We further tested whether children's responses differed significantly across conditions and 
according to age. As a more sensitive measure, we examined children's responses using an 
“irrelevance index". This index ranged from O to 6, with a score of 0 indicating that children did not 
perform any irrelevant action to a score of 6 indicating that children performed all of the irrelevant 


actions. 


We ran a between subjects ANOVA to examine whether there was an effect of age group (4- 
to-5-year-olds or 6-to-7-year-olds) and condition (Transparent - Baseline, Transparent - Taught, 
Opaque - Baseline, or Opaque - Taught) on the participant's irrelevant action score. This analysis 
revealed that there was a significant main effect of condition, F (3, 157) = 3.024, p = 0.031, and an 
interaction between age group and condition, F(3, 157) = 18.03, p = 0.007, Fig. 3. There was no main 


effect for age group, p = 0.20. 


Post-hoc comparisons using Least Significant Differences revealed that there were significant 
differences in the number of irrelevant actions performed across conditions in only the older group 
of children (6-7 years). As predicted, the level of imitation differed according to whether the box 
was Opaque or Transparent. Across Baseline conditions, older children reproduced more irrelevant 
actions in the Opaque box condition, M = 2.3, SD = 0.46, compared to the Transparent box condition, 
M - 0.5, SD = 0.46, p = 0.007. Level of imitation also increased based on the social information 
compared to other conditions. Older children also used more irrelevant actions (evidence that they 
were copying the taught-inefficient model) in the Opaque - Taught condition, M = 3.21, SD = .47, 
than in the Transparent - Baseline condition, M = 0.5, SD = 0.46, p = 0.0001, and the Transparent - 
Taught condition, M = 1.13, SD = 0.43, p = 0.002. However there were no significant differences in 
older children's responses between Baseline versus Taught conditions. Specifically, there were no 


differences in level of imitation in either the Opaque box, Baseline, M = 2.30, SD = 0.46, Taught, M = 
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3.21, SD = 0.48, p = 0.25; or the Transparent box, Baseline, M = 0.5, SD = 0.46, Taught, M = 1.13, SD = 
0.43, p = 0.25. 


A further comparison showed one other difference but between age groups. In the Opaque 
- Taught condition, there were significant differences in the adoption of irrelevant actions between 
age groups, with the older children reproducing significantly more irrelevant actions, M = 3.21, SD = 


2.37, than the younger group, M = 1.38, SD = 1.98, p = 0.006. 


[Figure 3 here] 


4.1 Discussion 


We believe the present study is the most detailed exploration to date of an interplay between 
children's recognition of social and physically causal factors underpinning and modulating their 
tendency for over-imitation. We explored factors modulating children's responses through a 2 x 2 
experimental design that manipulated both the challenge of the task in terms of its opacity versus 
transparency, and the type of social information in the form of taught information transmitted to 
the model. We predicted that both task opacity and social information would influence the rate of 
over-imitation. In line with this prediction we found that the copying of irrelevant actions increased 
with the availability of social information (in this case, concerning an observed pedagogic 
interaction) and with the physical opacity of the task, but only for older children. Results 
demonstrate that children can be flexible in their decision-making regarding whether to copy 
irrelevant actions or not. Below we first discuss the relationship of imitation and task opacity and 


then consider the influence of social information on imitation. 


4.1.1 Acquiring skills in a world of opaque and transparent objects 


The world is full of complex cultural artefacts and skills that require time and effort for mastery. It 
has been hypothesized that in order to learn how to use complex artefacts or to acquire related 
skills, humans developed a tendency to over-imitate as an adaptive strategy (Lyons et al., 2011; 
Lyons et al., 2007; Nielsen, Mushin, et al., 2014; Whiten et al., 2009). This is because many artefacts 
in the human world are quite causally opaque, and typically physically opaque too. Copying what 
experienced others, like adults, do with them is thus a very helpful practice. In this real world 
context, the label ‘over-imitation’ is arguably inaccurate; an expression more like ‘strong imitation’ 
might be more apt. The phenomenon only really becomes ‘over’ imitation in the manipulated world 


of experiments that incorporate unnecessary actions into physically transparent contexts. 


15 


407 
408 
409 
410 
411 
412 
413 
414 
415 
416 
417 
418 


419 
420 
421 
422 
423 
424 
425 
426 
427 
428 
429 
430 
431 
432 
433 
434 
435 
436 


437 
438 
439 


Running head: The interaction of social and causal factors on over-imitation 


Although it may thus make functional sense to copy faithfully in opaque contexts where the 
perceptual evidence is lacking, the strength of the phenomenon of “over-imitation” in transparent 
contexts has remained a puzzle. Over-imitation in a transparent context starkly reveals that 
children may seem to follow an ‘imitation imperative’ despite the transparency of what they can see 
indicating that certain acts of the model are causally unnecessary. A suite of studies has shown that 
children will over-imitate when presented with a transparent artefact in a variety of circumstances 
including under time-limited pressure (Lyons et al., 2011; Lyons et al., 2007), prior experience 
(Nielsen & Tomaselli, 2010), when encouraged to recognize that irrelevant actions are “silly” (Lyons 
et al., 2011; Lyons et al., 2007), when the irrelevant action occurs after retrieving an award (Wood et 
al., 2013a), and when in a context where there is no direct social interaction with the model (Whiten 
et al. 2016). This led Lyons et al. (2017) to infer that over-imitation involves ‘automatic encoding’ of 


the model’s actions as causal. 


However, new work has shown that children have some flexibility and can be selective when 
copying. The above studies were presented with only one model demonstrating an action. When in 
our experiment we included a second model who omitted the unnecessary action with the 
transparent box, the modal response in both baseline and taught conditions, and in both age groups, 
was to copy this model and thus not to display over-imitation (left half of Fig. 2). This suggests that 
over-imitation is not automatic, insofar as children across this age range are generally quick to 
recognize, through the more efficient actions of one model and the transparency of what happens in 
the transparent box, that certain actions are not worth copying, even though they do not see 
whether the approaches of either model are successful or not. This suggests that although over- 
imitation can be a robust phenomenon in one-model contexts, it is at the same time fragile in being 
undermined by contrary information derived from the actions of others. This conclusion is consistent 
with the results of some other experiments that employed two models that differed in displaying 
necessary and unnecessary acts (Hoehl et al., 2014; McGuigan & Robertson, 2015; Nielsen & Blank, 
2011), or otherwise showed that over-imitation can be flexibly, and arguably rationally, adjusted to 
contextual variables (Keupp et al., 2015, 2016). Nevertheless, we must note that over-imitation was 
still displayed in the two-model and transparent artefact conditions; around as many as one third of 
the children copied what the inefficient model did (33% in the Transparent - Baseline and 28% in the 


Transparent - Taught conditions; left half of results in Fig. 2). 


The modal tendency not to copy irrelevant actions in the transparent conditions was not 
replicated in the opaque conditions, at least for the older age group, where the adoption of 


unnecessary actions was significantly greater in opaque-baseline than transparent-baseline 
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conditions, and in opaque-taught than transparent-taught conditions (Fig. 3). This effect was 
strongest in the taught condition where 6- to- 7-year-olds were even prepared to copy the inefficient 
actions of the model who had been taught, in preference to the more efficient actions shown by the 
uninformed model, but the trend was also evident in the condition where neither model was taught. 
The first of these two effects concerns children's appreciation of the significance of third party 
pedagogy, which is discussed further below, but the second effect suggests that by this age, children 
recognize that in the conditions of uncertainty created by opaque artefacts (where they cannot 
directly see what appears causal or not, like in the transparent box), actions by adults may often be 
worth copying even though (and indeed perhaps because) they are more elaborate and ‘inefficient’ 


than the routine displayed by another adult (Figs. 2 and 3). 


4.1.2 The influence of social information: third party pedagogy 


The strongest tendency to copy irrelevant actions occurred in the opaque box condition with the 
older children, who showed a significant inclination to copy the more elaborate procedure of the 
informed model over the more efficient approach of the uninformed model. There was thus 
effectively a three-way interaction here between age, opacity of task (and presumably thus, 
uncertainty) and children's perception of pedagogic information transfer to the model who then 
performed the more elaborate, although in reality, causally unnecessary actions. The past decade of 
research has seen a growing numbers of studies identifying how children's social learning may be 
affected by a model's characteristics, epistemic states, and abilities, described as "selective trust" 
(e.g., Harris, 2012) or "social learning strategies" (Price, Wood, & Whiten, 2017; Wood, Kendal, & 
Flynn, 2013b). For example particularly in action based tasks, children are more likely to copy a 
majority than an individual (Haun, Rekers, & Tomasello, 2012; Herrmann et al., 2013; Hu, 
Buchsbaum, Griffiths, & Xu, 2013), and a competent over an incompetent person (DiYanni, Nini, 
Rheel, & Livelli, 2012; Scofield, Gilpin, Pierucci, & Morgan, 2013). The present study adds to this 
body of work by recognizing a stage at which children will also take into account when models have 


received relevant third-party pedagogic information. 


At first sight it may appear paradoxical that on the one hand, the older children were the 
more sophisticated, in taking into account the combination of pedagogic information transfer and 
task opacity in their choice of task solution, yet on the other, they performed more over-imitation, 
leading them to adopt the solution that was least effective because it incorporated causally 
unnecessary elements. The latter is consistent with earlier studies finding more over-imitation in 
older and more cognitively sophisticated children (and indeed in adults), not less (McGuigan et al. 


2011; Nielsen & Tomasselli, 2010). We submit that in fact there is no paradox here, insofar as the 
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older children’s ‘error’ arose simply because of the experimental manipulation, in which it was the 
taught model who performed the irrelevant actions specifically in order to test for over-imitation on 
an opaque task. In the real world, this will rarely happen; instead, an adult acting on an object or 
task will normally offer a good model worth copying, because it typically reflects their mature 
expertise. Indeed as we suggested above, when we focus on such a real world functionality of ‘over- 
imitation’ it is not over-imitation, but should perhaps better be described with a term like ‘strong’ or 


‘habitual’ imitation. 


It is perhaps a little surprising that the response seen in the older children was not apparent 
in the younger ones, given that the literature would expect the latter to have reached a stage where 
they recognize distinctions between knowledge and ignorance, and even false belief (e.g., Wellman, 
Cross, & Watson, 2001). It appears the scenario we presented was more challenging. Although 
young children’s imitation is influenced by pedagogic cues directed directly to them (Gergely & 
Csibra, 2005), they may not understand third-party pedagogy sufficiently well; for example they may 
not yet understand the value of taught knowledge, like being shown “the right way” to solve a 
problem (Clegg & Legare, 2016a, 2016b; Legare et al., 2015) possibly because they do not yet have 


so much experience in formal education. Future research could explore these alternatives. 


Our results are based on the behavior of children living the UK. Another question for future 
research is to examine whether children in other cultural contexts respond differently on this task 
(Nielsen, Haun, Kartner, & Legare, 2017). Several recent studies have suggested the possibility that 
children may interpret pedagogical cues differently (Corriveau et al., 2017; Csibra & Gergely, 2009). 
For example, one explanation for why first generation Asian-American children compared to 
Caucasian-American children were more likely to use an inefficient tool over an efficient one to 
“crush a cookie”, is because they interpreted the pedagogical cues normatively and the Caucasian- 
American were less inclined to do so (Corriveau et al., 2017). Even though our task was framed 
instrumentally and is an instrumental task, children in a different cultural context with different 
values, may interpret the pedagogical cues (e.g., “This how you get the prize out”) as normative. 


Future work could examine this cross-culturally. 


4.1.3 Conclusion 


High-fidelity imitation is thought important in acquiring the skills and knowledge base to acquire 
complex cultural knowledge. Faithful imitation can be particularly useful for learning causally 
opaque or difficult-to-acquire knowledge (Lyons et al., 2011; Lyons et al., 2007; Nielsen, Mushin, et 


al., 2014). In this study we explored children’s imitation in both causally transparent and opaque 
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tasks, creating a test of over-imitation that could apply to both of these by incorporating causally 
unnecessary elements into the demonstrations of a model the child could see was being taught what 
to do. The results demonstrate that children aged 6- to- 7-years-old become selective social learners 
who typically opt to preferentially copy a model they have reasons to believe is knowledgeable 
about what to do, particularly in the context of opaque tasks. Most over-imitation paradigms exploit 
transparent artefacts to test for the effect, but given that in the real world children experience many 
physically and causally opaque artefacts, it is important to extend methodologies to incorporate 
both contexts, as we did here, along with other social factors. Further study of how other factors 
contribute to the complexity of children’s social-learning promises to provide insight into children’s 


interactions with our culturally-rich worlds. 
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Table 1. 


A 2 x 2 design exploring over-imitation according to task opacity and social information 


Social Information 
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Taught 


Task Opacity 
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Figure Captions 


Figure 1. The ‘model’ demonstrates a series of actions, some of which are causally irrelevant to goal 
retrieval (removing bolt defence, inserting tool into top hole), and some which are causally relevant 
to goal retrieval (removing door defence, inserting tool into lower hole). These actions are illustrated 
above: (a) causally irrelevant moving top bolt; (b) causally irrelevant tool insertion into top hole; (c) 


causally relevant tool insertion into the front hole. 


Figure 2. Number of children who copied the efficient and inefficient models, by age group and 


condition. * denotes p < 0.05; see text for details. 


Figure 3. Mean number of irrelevant actions by condition and age group. * denotes p < 0.05. 
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863 . Table S1. Table of over-imitation and related studies. The table lists studies that (i) include over- 

864 imitation in the title or abstract, or in our judgement, otherwise address questions most closely 

865 allied to over-imitation; and (ii) include manipulation of objects, whether transparent, opaque, or 
866 both, and thus most relevant to our own study. Accordingly we have leaned to being inclusive rather 
867 than be over-strict in the coverage of studies here listed, so as to be maximally helpful to those 

868 examining or planning to develop research in this area. 
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